
developer to invest time and effort in learning about the potential of the spectrum and also may

require the developer to employ some staff for assistance.

Another source of uncertainty arises from the Commission. First, the grant of a license

is not likely to be automatic. The entrepreneur may have to convince the Commission that its

innovative spectrum use is in the public interest before the license is awarded. Second, the

developer will not be certain about the terms of the liceme. If the tenns are sufficiently onerous,

the developer may simply decide that the use of the new spectrom is not a "business."

After the spectrum developer is awarded the license from the Commission, the developer

will sink additional costs on equipment design, testing, and manufacturing associated with the

possible offering of a new service. One would also expect the developer to have higher

borrowing costs for a new, untried service than for more mature services.

To resolve demand uncertainties, the developer may sink additional costs in market

research surveys. The developer will also likely have to convince potential customers to "test"

the new service with promotional rates. The developer will construct a strategy to convince

would-be customers' that both the service and the entrepreneur are credible. Most of these costs

are likely to be incurred after the award of the license.

As the scope of these uncertainties is narrowed, there are two possible outcomes. First,

the developer may decide that the initial intuition was wrong and that the spectrum in fact cannot

be used profitably and the spectrum will ultimately revert back to the stewardship of the

Commission. As a result, all of the sunk costs expended by the developer will not be recovered,

a possibility that the entrepreneur knew at the time of the sunk cost investment and was

accounted for by the entrepreneur in his/her decision to make that investment.

Second, the developer may find that its intuition was correct, the business will be

profitable, and <after iIM:urriDI start-up losses) the developer will begin recovering the sunk

costs.
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The success of the developer can be expected to breed imitators. There will be some

imitators who expect relatively immediate profits from entry. They will apply for the licenses

and (at this early stage) are likely to incur costs to convince customers that the service is

desirable. Other imitators will believe that waiting is more profitable. They will apply for

licenses and hold them for either future use (when the necessary expenditure of sunk costs bas

been considerably reduced) or for resale as the success of the service becomes more apparent.

Both groups of imitators can be viewed as "free-riding" on the efforts of the original

spectrum developer. No imitator will have to expend the kinds of costs that were expended by

the original developer. For example, those prospective licensees coming "second" will not

likely have to expeIKl as much effort as the spectrum developer to convince the Commission that

the spectrum can be used for a new and desirable service. The problem confronted by the

spectrum developer is to recover the sunk costs before the imitation becomes too widespread.

Based upon the discussion in the Notice, it appears to have been at this imitation stage

that the Commission decided to propose an auction of the 39 GHz portion of this band and the

reclamation of the licenses of .. irresponsible" licensees. Specifically, the Commission notes that

"there has been a substantial and growing number of applications to use the 39 GHz band... ,,95

The apparent inference by the Commission-that the surge in applications signaled the

value of that spectrum-is surely correct. The auctioning of unlicensed spectrUm would not

likely have any adverse consumer consequences and would permit the Commission to collect

some of the profits due to its stewardship. It is the possibility that the Commission will reclaim

the spectrum already licensed that gives rise to consumer costs without offsetting benefits.96

95 Notice, '7.
96 To be clear, this msa.ioa does DOl address whetber the COIDIIIiaaioD bas die IUIbority to reclaim dJe specInIID.

AuurrUng the Commission claims such aurhoriry. the question is whedler die COIIIIIIission as a matter of policy
should reclaim the spectnun.
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In the short ron, the possibility that some or many of the licenses of existing licensees

will be reclaimed will discourage the growth of the service. Prospective purchasers of the new

service will be reluctant to invest the time, effon, and funds to learn about the new services and,

importantly, about the specific suppliers that use the 39 GHz spectrUm. These potential

customers will be concerned that the identity of specific supplier identities and offerings could

change as a result of reclamation and that, after reclamation, the incumbent licensees may not be

able to re-acquire their reclaimed licenses in the auction. Alternatively, the purchaser may be

willing to incur these supplier-specific costs and begin service, but only at a substantially reduced

price for the service.97

There is little doubt that the reclamation threat will prevent prices for the services

currently provided by the incumbent licenses from falling as far as they otherwise would,

although the magnitude of this effect is difficult to quantify. However, even a relatively small

effect on prices can generate significant consumer costs. As an illustration, suppose that in the

absence of the reclamation threat, actual and prospective competition between 37-40 GHz

incumbents, CAPs, and LECs would reduce access prices by an additional one-tenth of one

percentage point. Such a reduction in access costs would generate savings of over $30 million

per year.

Of course, for some individual users, the costs of the reclamation threat would be more

SUbstantial. For example, the only economic way to link a business complex with a relatively

low volume of voice and data traffic may be through "Wireless Fiber. "'I'll. If, as a result of the

reclamation threat, this complex is reluctant to use the 39 GHz incumbent, the access costs for

this complex may substantially increase.

97 In addition. UDti1 thae UDCertaiDties are resolved. CUl'TeD1 customers may delay eJP""'ina their purcbases. and
capital costs for incumbeDrs may increase.
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Even if the Commission could render its reclamation decisions immediately-thereby

eliminating any interim uncertainty, the longer-run effects of reclamation are likely to be

substantial. If the original spectnml developer is forced to bid on the reclaimed spectrum, it will

base its bid on the expected future profits from using the spectrum. What is relevant for this

calculation is future revenues and future costs, not past costs. As a result, the developer may not

be able to recover the initial spectrum development costs.

For example, the spectrum developer may have incuned $1000 in sunk costs. In the

future, it anticipates revenues of (say) $1500 and costs of $400, or future net revenues of $1100.

Absent reclamation, the developer would have recovered its sunk costs, plus earned a normal

risk-adjusted return (in this case, $100) on its initial, sunk investment.

By the time the auction is held on the reclaimed spectrum, the efforts of the spectrum

developer (and perhaps those of some of the other ilK:umbent licensees) in narrowing the scope

of demand and cost uncertainty may have become well-known (if not completely known) to other

prospective bidders. On the basis of the experience of the developer and the early imitators,

prospective bidders might estimate future revenues of $1400 and future costs of $700. Thus,

these prospective bidders for the reclaimed spectrum would be willing to bid as much as $700 for

the licenses. The spectrum developer can clearly outbid its competitors for what was once its

license because the future value to it is $1100. As long as the developer bids something just over

$700, it will regain the spectrum that was reclaimed by the Commission. However, the

developer will now be able to recover something less than $400 of its sunk costs. Thus, the

developer will have lost more than $600 plus any return on its investment.98 Had it known at the

very outset that the Commission would reclaim its spectrum, the developer would never have

91 The reacquisition of the spec:mun by the developer is its molt profturble sttItelY. If the developer bid any1biDg
less than the second-higbest bidder, it would not re-acquire the licenle and would not recover any of its SUlIk COIU of
$1000.
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iD:urred the expenditures to develop the spectrum because reclamation would make recovering

its sunk costs impossible.

An analogy might be drawn to a real estate developer who believes that some lakefront

property can be developed into homes that are valued by consumers and would yield the

developer a substantial return. To this end, the developer purchases the property at a price

reflecting the value of the (undeveloped) property to the property owners, but not reflecting the

iD:reased value of the developed property. If the developer believed that, after having developed

the property, the local govenunent would require that the property be returned to the original

owners. the developer would not have made the investments necessary to realize the full value of

the property.

Unless the current and future uses of 3740 GHz spectrum do not require any additional

marketing or production innovation whose value could be "expropriated" by yet another auction

or unless the Commission could somehow commit not to "re-auction" the spectIUm if it became

apparent that the band was more valuable than believed at the time of the auction, reclamation

will have additional adverse impacts on the use of this bancl. Specifically, the reclamation will

discourage licensees from investing in innovative ways of using or marketing that spectrum. The

risk is that, having rendered the spectrum more valuable, the Commission will reclaim the

spectrum for auction and the innovating licensee will not recover the sunk costs of the

innovation.

Even if either of the two premises were correct for the 39 GHz band, the adverse future

consequences for consumers are likely to be substantial if the Commission proceeds with

reclamation. The possibility that the Commission may again reclaim other spectrum that it has

"given away" once that spectrum has been developed and its value increased will discourage

prospective spectrum developers from incurring the costs and auendaDt risks required for

innovation. As a result, the iIuntive to be the "first" with a new method of exploiting spectrum

will be reduced because of the possibility of after-tl1e-fact spectrum reclamation by the
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Commission. Creating the incentive to be "second" rather than first with an innovation likely

will cause some spectrum resources not to be fully exploited or to remain fallow. Consequently,

some (perhaps many) end-users will rely on higher-eost alternatives or forego some new services

that would otherwise have been provided.

Moreover, the reclanwion of 39 GHz spectrum may significantly raise the risk, as

perceived by current and prospective licensees, that the Commission is prepared to substalltially

change the "roles of the game" after the game has started. In future auctions, bidders will be

aware of this increased possibility and will reduce the amount they are willing to pay for

spectrum rights. As a result, the revenues from future auctions will be less than would otherwise

be the case.

In weighing the costs and benefits of its proposal to reclaim and auction currently

licensed spectrum, the Commission should carefully consider the following four factors. First,

the reclamation will not result in a superior allocation of spectrum resources. As noted in the

previous section, regardless of how and to whom the licenses are initially assigned, the

Conunission can rely on market forces to allocate the spectrum resources to its most highly­

valued uses. Second, the shon-run effects of the proposed spectrum reclamation will reduce both

the current demand and the supply of services using the 39 GHz portion of this band. As a

result, end-users will rely on less efficient or more costly alternatives for access and transport.

Third, in the longer run, the reclamation may reduce the incentives of current and prospective

licensees to develop new uses for licensed spectrum and for fallow spectrum. Fourth, by

increasing the possibility of future after-the-fact reclamation, the moneys the Commission might

earn from future auctions will be reduced.

5. IWIg '.'ndrlD: '....". 2 Se': Uagwr"

If the Commission nonetheless decides to proceed with reclamation, it can reduce the

costs to consumers of the process if it limits the class of licensees that may be subject to
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reclamation. Choosing any criterion for identifying which incumbent 39 GHz licensees are

"responsible" is an unenviable task. The Commission's proposed criterion, however ­

identifying "responsible" licensees by a count of the number of operational links in each licensed

area - is far too narrow a basis for making the distinction.

If a "responsible" licensee is one who appears committed to using the spectrum (rather

than holding it for later resale), the appropriate conceptual test would be evidence that the

licensee has incurred "sipificant'" sunk costs in utilizing the spectrum. Using this criterion also

would help minjmize the cost to consumers of reclamation. However, the correlation of

operational links with the extent of a sunk cost commitment to a new service is likely to be so

low that the Commission will reclaim the spectrum of some licensees who in fact are

"responsible" and have committed substantial investments in providing service.

The strategy adopted by WinStar suggests how low the correlation between sunk costs

and operational links might be. As the first to recognize the value of the 37-40 GHz spectrum,

WinStar expended considerable funds and "sweat equity'" to determine whether the offering of

"Wireless Fiber"'''' services was economically and technically feasible. In addition, the flexibility

afforded by the then-existing licensing requirements permitted WinStar to adopt a marketing

strategy that did not have to be predicated on immediate buildouts of its licensed areas. Instead,

WinStar focused its resources on setting the stage for the geographically widespread offering of

diverse "Wireless Fiber"'" services.

Part of this strategy was and is to establish WinStar as a credible supplier and "Wireless

Fiber"'"' as a credible service. To this end, WinStar has expended considerable effort to hire

personnel with recognized experience in telephony and to disseminate that information to

industry participants. Similarly, it has concentrated on convincing large, well-known firms (such

as Met) to use WinStar's services, thereby enbaD:ing its credibility with other would-be

customers. Among others, one reason why this particular task has been difficult is because encl­

users have come to believe that fiber transport has been proven superior to microwave
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transmission. In establishing as customers large, established firms - a time consuming process

- WinStar (and its imitators) will find it easier to dispel these beliefs.

WinStar also has sunk: investments in seeking state regulatory authority to offer service.

To enable it to market itself as a nationwide provider of "Wireless Fiber"'" services, WinStar

has sought and received from 21 states the necessary regulatory authority to offer intrastate CAP­

like service, and has applications pending in another 7 states. WinStar also has sought and

. received state authority to offer competitive local excbange (CLEC) service in 5 states with

applications pending in another 5 states.99

Thus, WinStar-and perhaps other incumbent licensees-have focused more on

preparation rather than operation as the most likely route to ultimate profitability. By their very

nature. the sunk costs iocurred by WinStar in implementing this strategy will not have a high

correlation with the number of operational links. Indeed. given the strategy adopted by WiDStar,

it would have been inefficient to install equipment at an early stage of business development-as

would be required by the Commission's newly proposed buildout requirements-and have it

remain idle.

This discussion indicates that in distinguishing between "responsible" licensees and other

licensees, the Commission in pmiple should choose a characteristic that is more highly

correlated with the expenditure of sunk costs than the number of operational links. The

Commission should consider an approach that is less likely to incorrectly classify "responsible"

licensees as "other" licensees. 1oo For example. the Commission could accept other evidence of

99 The receudy puled TeJecommunicarioD Act of i996 c!JaDFs the aurboI'ity of the scares to limit auIborizatioo of
various typeS of Iocallel"rice IIId die audIorizIIioD that is needed. This chaaIe in die rules does DOt aker die fIct dw
WinSar's pIIt iDYaDDll8, UIIder die dIeD exisdD& rules, are eYideace of its Q)IIRilnllllt to use its lic:eDses.

100 It ...~ to ....... _die a- from mi I IIImIy~ "reIJ"MbIe" lin.ln II "OIlIer"
would be larger tbaD die loaes from clauifyins "ocber" lice.ell as "reIpOIIIibIe. " The Commigjon's errors will
deter both sets of lic:eIIIea from ioeurriDI expeadiCw:a to deploy fallow specII'UID. But it is me "reIpOIIIible"
licemees whose enaepreoeurial insriDcts led them to beliew dw the fallow 39 GHz spectrum could be efficieDtly
deployed in the first place. In teclmic:al terms, the loss fuDction is likely to be asymmetric.
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incumbent "responsibility," such as the number of full-time employees, leases for office space,

and applications to state PUCs for the necessary regulatory authority to offer service. If the

Commission continues to rely on the number of operational links as its criterion, the Commission

should consider a less stringent threshold, such as the alternative proposal in the Notice to vary

the required number of operational links by market size.

·tv. Summary of ConcIuaiona

Our conclusions are straightforward. First, the stringency of the Commission's 600 MHz

cap is not necessary to maintain acceptable competitive market performance in the supply of 37­

40 GHz spectrum. Our analysis indicates that the relevant product market is likely to be

considerably broader than the 37-40 GHz band and likely includes services provided by fiber

optic cable, twisted-pair cable, and coaxial cable as well as other spectrum-based service. As a

result, this is a market that will be dominated by the LECs for some time to come. If a single

licensee were to acquire all of the 37-40 GHz spectrum because of the absence of a specuum

cap, that licensee still would have little if any effect on price in the LEC-dominated market.

Even if the product market is defined more narrowly to consist only of spectrum alternatives to

the 37-40 GHz band, the Commission can permit one licensee to control considerably more

spectrum than the proposed 600 MHz without raising anticompetitive concerns.

In brief, our analysis suggests that competition among spectrum suppliers will be vibrant,

even with very lenient spectrum caps. This assurance of competitive behavior should permit the

Commission to provide prospective licensees with maximum flexibility in choosing how much of

the 37-40 GHz spectrum to acquire. Given the early stages of development of the millimeter

wave bands, such a policy will allow market forces-the rivalry among different spectrum

providers to find ways of satisfying end-user demaDds most efliciendy- rather than regulatory

prescription to shape this nascent industry in a way that best serves consumers.
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This same competition also provides the Commission with assurance that the 37-40 GHz

spectrum will be used in the most efficient manner to satisfy end-user deInands. Consequently,

the Commission need not and should not impose on licensees a host of detailed engineering, use,

and buildout requirements.

Adoption of the Commission's proposal to reclaim some or much of the spectrum of the

incumbent licensees in the 39 GHz portion of the 37-40 GHz band will likely generate substantial

consumer harm. Spectrum reclamation and the subsequent auction of that spectrum·will do

nothing to guide spectrum to hilller-valued uses. The incumbent licensees already have the

incentive to find the most profitable way of using this spectrum. However, reclamation is likely

to delay the growth of these spectrum-based services in the short run as end-users await the

outcome of the Commission's reclamation decision and the subsequent auction. In the longer

run, spectrum reclamation can only reduce the incentives of entrepreneurs to find innovative

ways of using fallow or underutilized spectrum.

If the Commission nonetheless adopts its reclamation proposal, the Commission should

use very lenient criteria to distinguish "responsible" licensees from others. By so doing, the

Commission will reduce the chances of mistakenly classifying a "responsible" licensee as one of

the "other" licensees. In this way, the Commission can reduce the short- and longer-run costs

associated with spectrum reclamation. The Commission's proposal to use the number of

operational links as the basis for its reclamation decisions will likely result in this kind of costly

mistake.
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HHlr-b"-
Product Market Inc""': 37 - 40 GHz, 1. GHz, 230Hz, 21 OHz. and Above 40 GHz

37 • 40 GHz Cap: 600 MHz

8Md
WIdth HHI

fIlNlIuct IIIrbt (WIll ............ Coa".tIIIIon

37· ... GHz
liclontooA 600 7.69% 59.17

LiclnMeB 600 7.69% 59.17

l.icInMeC 600 7.69% 59.17

LieenMI 0 600 7.69% 59.17

liclontoo E 400 5.13% 26.30

Subtotlil 2800

17.7 • 1'.7 GHz
Licen... A 100 1.28% 1.64

LicenMe B 100 1.28% 1.64

LicenMeC 100 1.28% 1.64

Licensee 0 100 1.28% 1.64

LicInIoe E 100 1.28% 1.64

Licensee F 100 1.28% 1.64

Li~G 100 1.28% 1.64

Licensee H 100 1.28% 1.64

Subto1lll 800

21.2·23.' GHz
LiclnMeA 100 1.28% 1.64

LicenMe B 100 1.28% 1.64

LieeNoeC 100 1.28% 1.64

t.icenMe 0 100 1.28% 1.64

Liceneoe E 100 1.28% 1.64

~F 100 1.28% 1.64

Lic»nMOG 100 1.28% 1.64

li<::Ionoee H 100 1.28% 1.64

LicoNoe I 100 1.28% 1.64

LicoNoeJ 100 1.28% 1.64

Subt0t81 1000

1IGHzIIImd
l.icenMe 400 5.13% 26.30

~.I.4U.
jlt7A •&2 GHz
It~A eoo 7.11% 51.17

u..-B eoo 7.11% 58.17
It~C 600 7.88% 59.17

LiooNeoD 600 7.88% 59.17
J:--e 400 5.13% 26.30

SubtoWI 2800

l'I'I"IT'a•• .,. .,..
Source: CRA C81culdona.
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HHI C*, t't.
Product IIIIrket Includes: 37 - 40 GHz, 18 GHz, 23 GHz, 21 GHz, and Above 40 GHz

37 - 40 GHz Cap: 1400 MHz

8Md
Width HHI

PFlllua ....... (MHz) .............~
37·40GHz
LicenMeA 1400 17.95% 322.16

LioenMe B 1400 17.95% 322.16

Subtotal 2800

17.7 ·11.7 GHz
lic:enMeA 100 1.28% 1.64

I.icenMe B 100 1.28% 1.64

licenHeC 100 1.28% 1.64
1'--0 100 1.28% 1.64

lic:enMe E 100 1.28% 1.64

licenMe F 100 1.28% 1.64

lieenMeG 100 1.28% 1.64

LicenMe H 100 1.28% 1.64

Subtotal 800

21.2 • 23.1 GHz
licenMeA 100 1.28% 1.64

licenMe B 100 1.28% 1.64

Lic:enHe C 100 1.28% 1.64

LicenMeO 100 1.28% 1.64

Licensee E 100 1.28% 1.64

L."...F 100 1.28% 1.64

Licen... G 100 1.28% 1.64

Licen... H 100 1.28% 1.64
Lioen... , 100 1.28% 1.64
Lialn... J 100 1.28% 1.64

Subtotal 1000

aGHz8Mcl
LicenHe 400 5.13% 26.30

40.1·42.1,
.7A· ....2GHz
licenMeA 1400 17.95% 322.16

L.icenIM B 1400 17.95% 322.16

Subtotal 2100

JWg ,....,

Source: CRA catcul8tions.
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tItIe-p'g_

Product MIrtcet IncludH: 37 - 40 GHz, 18 GHz, 23 GHz, 21 OHz, .net Above 40 GHz

37 ·40 GHz c.p: 1400 MHz...... IIIrUt HHI
Product IIIrUt fMMI:' ....... Contllllution

~7 ·400Hz
ue.nHeA 1400 17.95% 322.16
1:-~8 700 8.97% 80.54
1:"""- C 300 3.85% 1<4.79

LiclnMeO 200 2.58% 6.57

LicenHeE 200 2.56% 6.57
Subt0t81 2800

17.7 ·11.7 0Hz
icenMeA 100 1.28% 1.6<4

LicenIee B 100 1.28% 1.6<4
LicenMeC 100 1.28% 1.6<4
,- 0 100 1.28% 1.6<4
I~E 100 1.28% 1.6<4
-----F 100 1.28% 1.6<4

LicenMeG 100 1.28% 1.6<4
LicltnIee H 100 1.28% 1.6<4
Subtotal 800

21.2·23.' 0Hz
LiclnMeA 100 1.28% 1.6<4
LicenMeB 100 1.28% 1.6<4
LicenMeC 100 1.28% 1.6<4
Licenaee 0 100 1.28% 1.6<4
LicltnIee E 100 1.28% 1.6<4
LicenMeF 100 1.28% 1.6<4
LicltnIee G 100 1.28% 1.6<4
liclnMeH 100 1.28% 1.6<4
LicInMe I 100 1.28% 1.6<4
LicenMeJ 100 1.28% 1.6<4
Subtotal 1000

JlCJHIBand
LicenMe 400 5.13% 28.30

1&1.42.1,
~A-4I.2GHz
U....A 1400 17.1K 322.16

u.-B 700 8.8~ 80.54
LicenMeC 300 3.15% 14.79
LicenMeO 200 2.51% 6.57
LicInHe E 200 2.58% 6.57
Sublotlil 2800

,.. .,7."

Source: eRA caIcutdons.
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title·.....
PNduct MIItMt Induct.: 37·40 GHz, 1. GHz, 23 GHz, and 21 GHz

37 • 40 GHz cap: IOO-.z

Bend
WIIIIII --- HHI

PNduct ....... fMHz) ...... CGMttIMdIon

37· ... GHz
UcentMA 600 12.00% 144.00

LicIneee B 600 12.00% 144.00

''-C 600 12.00% 144.00

l.icInIee 0 800 12.00% 144.00

licenMeE 400 8.00% 64.00

Subtotal 2800

17.7 ·11.7 GHz
~ic::eMMA 100 2.00% 4.00

I.ioInIee B 100 2.00% 4.00

LicInIee C 100 2.00% 4.00

LicInIee 0 100 2.00% 4.00

L.icaMee E 100 2.00% 4.00

L.icenMe F 100 2.00% 4.00

L.icenMe G 100 2.00% 4.00

L.icenMe H 100 2.00% 4.00

Subtotal 800

21.2 • 23.' GMz
L.icenMeA 100 2.00% 4.00

L.icenMe B 100 2.00% 4.00

Licen..C 100 2.00% 4.00

L.icenMe 0 100 2.00% 4.00

LicInMe E 100 2.00% 4.00

l.ic:lenMe F 100 2.00% 4.00

LiclnMeG 100 2.00% 4.00
I.icenMe H 100 2.00% 4.00

LicenMeI 100 2.00% 4.00

I.icIneM J 100 2.00% 4.00

Subtotal 1000

.GMzB8nd
L.icenMe 400 8.00% 64.00

_&.a .. nw.-

Source: eRA atIeUIetions.
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Prodvct .... fncfudee: 37 - 40 GHz, 18 GHz. 23 GHz, and 28 GHz

37 - 40 GHz cap: 1400 MHz

B8ndWidth HHI
Pr...uct.....t «Wtz) .......... COnIItIIutIoft

37-.OHz
i........-A 1400 28.00% 784.00

LicltnIee B 1400 28.00% 784.00

SUbIotaf 2800

11.7 -11.1 0Hz
'-A 100 2.00% 4.00

LicenMeB 100 2.00% 4.00

Licen... C 100 2.00% 4.00

LicenIM 0 100 2.00% 4.00

LieenIM E 100 2.00% 4.00

LicenMe F 100 2.00% 4.00

LiceNleG 100 2.00% 4.00

LicenMeH 100 2.00% 4.00

Subtotll 800

21.2 - 23.' 0Hz
L.icenlMA 100 2.00% 4.00

l.icenIM B 100 2.00% 4.00

Lic::enMe C 100 2.00% 4.00

LicenMeO 100 2.00% . 4.00

LicenMeE 100 2.00% 4.00

Lic:enIM F 100 2.00% 4.00

LicenMe G 100 2.00% 4.00

LicenMe H 100 2.00% 4.00

LicInMe I 100 2.00% 4.00

I.icenIM J 100 2.00% 4.00

Subtotll 1000

JlClHzIIend
LicenMe 400 8.00% 64.00

.-ru_ e- 1.... 1""'.
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tile. , ,,-
Product MIt'ket .nc.....: 37·40 GHz, 21 0Hz, and Above 40 GHz

37 ·40 GHz C8p: 100 MHz

........ HHI
PnMIuct ..... ...... C••1buIon

1T· ... 8Hz
LicenMeA 600 10.00% 100.00
u.-a 600 10.00% 100.00

C 800 10.004)(, 100.00
0 800 10.00% 100.00
E -400 6.67% 44.44

Subtotal 2800

400 6.67% 44.44

.1.42.1,
A·&2GHz

A 600 10.00% 100.00
L.icIMee B 600 10.QOllI. 100.00
I.icenMe C 600 10.QOllI. 100.00
~D 600 10.00% 100.00
LiclnMeE -400 8.67% 44.44

Subtotal 2800

Source: CRA calculations.
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tHe*".....

Product MItrtcet Includn: 37 - .to OM%, 21 GHz. and Above .to OHz

37·.tO GHz C.p: 1000 MHz

........ ...... HHI
Prolluc:t..... .... CoMrtItuIIon

1000 19.23% 389.82
1000 19.23% 369.82
2000

1.69% 59.11

.. ·42.,5.
A· ....2GHz
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Tllduaialalld Ee••••ie C.............
ia tile Alecatielll .,.... 8'lCtr•• at 37 GHz:
IAIIeIIt fro. tile DEMSJDTS Tecllaical Rules

L lB~ucdon

In ET Docket No. 95-1831
, the Federal Communications Commission ("FCC" or "the

Commission") has undertlk:en an important proceedina that may have significant impact on the
development ofcompetition in the provision oflocal telecommunications services and on the
efficiency with which the UIOciated spectrum in the hquency ..... from 37.0 to 40.0 GHz is
utilized. The purpose ofthis paper ia to review certIin teclmical and economic aspects ofthe
proposed rules to govern the systems that will evolve in this hquency raDle. The balance ofthe
paper is divided into four pIl'tS. Section n providel some buic bacqround and analysis ofa key
iuue underlying the proceeding -- namely, are IOvemment imposed spectral efficiency and related
standards necessary in services where exclulive ute ofspectrum is involved -- while Section ill
analyzes in general terms the particular meuure ofspectral efticiency discussed by the
Commission in the Notice. Section IV exIIDines the propoled rules in light ofearlier experience
with the DEMSIDTS Technical R.ules and Section V identifies and analyzes issues that would
arise ifgovemmentlnon-govemment sharins ofthe spectrum is permitted. Finally, Section VI
summarizes our analyses and the conclusions we reach.

n. TIle Role 0' Spect.... Eflldncy a.d ..... StHdanlt

Broadly spealcina, spectral efticiency can be defined u the amount ofinformation that can
be transferred in a liven amount of time in a given amount ofspectrum.over a given geopaphic
area.2 Spectral efficiency is an important concept becIuIe the radio spectrum resource is scarce
and has significant economic value, especially in major urban area. Accordingly, it is important
that the Commission adopt policies and rules that cre8te incentives for its efticient UIC. There are
two ways ofpromotina efticiency. The first is for the Commission to eltlbliah stIDcIIrds for
spectral efficiency and related characteristics INIch u the aovernment did in estabIiIhina fuel
eftlciency requirements for IUtOmobiles u a result ofthe oil crisis in the mid-1970s. The second
is for the Commission to cre8te economic incentives to eftCOUrIIe the efficient UIC of the
resource. This can be accomplished by granting "quasi-property rights."

1 Notice QfProJa•• 'ubs. wi 0rdIr In the MItter ofAmendment ofthe
Commiuion's :Rules ....... the 37.0-38.6 GHz and 31.6-40.0 GHz Banda, ET Docket No. 95­
183 and Implementation ofSection 3(90) oftile COIMIUIIicMiona Act - Competitive Bidding, PP
Docket No. 93-253, FCC 95-500, hIeued December 15, 1995 ("the Notice").

2 The concept ofspectral efficiency is discussed in more detail in Section n.



In certain situations, e.•., the traditional private lind mobile radio services in some binds,
the Commiuion does not iuue IicenleS that give the operator exclUlive use ofa c.... or other
amount of spectrum in a aeoanPhic area. In otherwo~ the spectrum is shared amana several
users in an area. In such sitwItions, there is little incentive for an individual licensee to adopt a
more spectrally efticient technology becaule he or she does not capture the economic benefits of
doing SO. 3 A simple example ofthis is where a licensee JRiabt voluntarily reduce the power ofa
base station to minimize interference to other co-chunel U&erS. Since reducing power reduces the
performance ofthe licenHe's system while conveyina the resulting benefits to other, unaftiliated,
users sharing the channel, their is little or no incentive for the licensee to do so.

In situations where quasi-property riahts have not been created (i.e., where the licensees
do not have exclusive ute ofspectrum in a sWell ....,me area), IOvemment action in the fonn
ofminimum spectral efticieDcy standards is c1elrly needed. However, u the dilCUllion in Section
ill below establishes, properly definins spectral efticiency standard. is difficult from a technical
standpoint and, once c:lefifted, specifyina the exact level ofspectral eftIciency to be employed,
enforcing that level of spectnl efficiency, and adjulltiDg the specified level of spectral efficiency
over time to reflect chanlinl economic conditions is problematical at best. Where a system of
quasi-property rishU has been established, there is no need to estIbIish minimum spectral
efficiency standards or related requirements for frequency toler'lllCe, emission muD, adjlCel1t
channel interference, or antenna characteristics when the interfereace produced is internal to the
liceuee's system. COIIMqUtIIl1y, except in thole situItions where the benefits of sIwing out­
weigh other considerations, this Nation's traditional reliance upon property rights and economic
forces is clearly the preferred solution.4

The preferability ofreIyina upon quai-property riahts and economic forces is clelrly
demollltrated in the ColDtMl'Cia1 Mobile Radio Services. For example, in the Cellular Mobile
Radio Service, after the Commission allocated and .1Ii.... the spectrum on an exclusive bais
and made certain basic technical decisions with the aid of the industry, it allowed licensees a great

3 In the economic Iitenture, this is often refined to u the"~ ofcommons." It has
arieenlately in fiIhiDI in iDtmuItioaal waters where, in the abI-.ce ofproperty riatu, indivicIual
fishennen. have little or no iDcentive to voluntarily IilIIit their I.. to maimize the yield ofthe
filbing arounda over time. nil is beca1.- such a voIuntIry action would simply leid to others
expanding their catch in the Ihort term. With private ovmenhip (1IId aovemmmt protection of
those property riahts) the ftIIIwmeIl would have the incentive to D1IIIIIp the resource in a such a
way that the yield ofthe resource is maximized rather than depleted through over fishing.

4 An example ofa situation where the benefits ofsharinI spectrum on a non-exc1ulive basis
is paramount is in the ute ofPart IS equipment on Ul unlicensed bali•. The cost oflicensina the
use ofsuch equipment (e.g., a low power wireless microphone) could e1iminate the sale and
utilization oftile devices entirely.
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deal oftechnical flexibility in how the channels created were uted. CODleCluently, with the rapid
growth in the service, the cellular liceftleel, eepeciaIIy thole serving major urban area where
conpstion is a particular problem, have adopted a whole !'IDle ofdifl'erent technoloaical
strategies to increase the efIiciency with which they Ule their channels.' The benefits from going
to more spectrally eftlcient technolOlY include not only a sipificant expansion ofcapacity but
also a reduction in the costs ofthe infiuttueture produced by spreacIina fixed costs (e.g., certain
cell site costs) over more subscribers. Becalle they capture the benefits ofadoptina the more
spectrally efficient technoloty, they have the incentive to use the spectrum more efficiently
without government prescribed efficiency standards.6

Likewise, many Sped.zed Mobile Itadio ("SMll") operators are rebuildinl their systems
to employ more spectrally eftIcient rune Division Multiple Access technology as well as employ
:frequency reuse, and l'Idio piling companies, worlcina with their equipment providen, have
continuously increued the data rates (and hence capICity) oftheir channels. 1ft addition,
increased frequency reuleis beina implemented by some piling compIIIIi.es to further increase
spectral efficiency and system capICity. This has all OCCUlTed without the government maadatiDg
such changes through spectral efficiency requirements. In short, by establishing a system ofquasi­
property rights and a competitive environment in CMllS, the Commission has created strong
incentives for the efficient Ule of the spectrum and thereby largely eliminated the need for
government mandated spectral efficiency and related standards.

In the Notice, the Commillion is proposina to award liceuea in the 37.0 - 40.0 GHz band
on an exclusive use, ratMr thart a shared Ule, buis and tIaaI the liceItIees will have exactly the
same incentives that CMRS providers have had to evolve their systems in a spectrally eftIcient
manner. Thus, other thm eItablisbina technical rules to protect other ndio systemlllel'Vices, we
conclude that there is no need for the Commission to eItIbIiIh miniIII.un standards ofspectral
efficiency or requirements for hquency tolerance, emission masks, adj8cent channel interference,
or antenna characteristics. Indeed, as described in more detail below, any attempt to specify such

, The8e technoloP* dIoices include the Idoption ofDIIT'OWW-band IDIIoa technology
(e.g., N-AMPS), the Ole ofTDMA (e.g., IS-541IS-136) and the Ule ofCDMA (15-95).
AccordiDa to a COIItIct at MTA-BMCI, at the end of 1995 there wwe 33.7 miDion totl! cellular
subscribers with ftom 0.7 to 1.0 million ofthele JUblcliINn haviDa cfiIital service. All
commercial digital ceI1uIIr .,...preIently Ole TDMA; however, about halfof the cellular
operators plan on ulina COMA wt.. it becomes available. AT&T preIently has about 80 percent
ofthe digital cellular subscn'bers. There were no digital cellular subscn'bers prior to 1993.

6 The Commiuion has long recopized the benefits ofexclusive use offtequencies to
encourage spectral efticiency. See, for example, In the Matter ofSpectrum Efficiency in the
Private Land Mobile Radio Bands in Use Prior to 1968, 6 FCC Red 4126, 4133 (1991) and 10
FCC Red 10076, 10129-10130 (1995).
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standll'ds and requirements could seriously distort technoloty choices, raise colts unnecesurily,
and, as demonstrated with the earlier experience with the DEMSlDTS, have sipificant neptive
impact on the viability ofoperators in this rrequency I'IIIF and, colllequently, on their ability to
provide meaningful competition to the entrenched local exchange carriers.

m Analysis of Spectrall:flkiency ••d ..ted M...res Proposed by tile Co.....n

In the Notice, the Commission is consideriDa estIbIishing spectral efficiency and related
standards for operations in the 37.0 - 40.0 6Hz bane!. One such stlDdard is a requirement for one
bit per second per hertz ("bptlHz") modulation efticiency. Not only is such a standard
unnecessary for the reasons described above, it can sianificant1y distort technology choices and
needlessly raise costs. There He many reasons that a spectral efticiency standard bued only upon
modulation efficiency can le8d to suboptimal results. As noted earlier, spectral efficiency can be
defined as the amount of information that can be transferred in a given amount of time in a given
amount ofspectrum over a liven IflOII'IPhic area. ColIIicIerina only modulation efficiency and
not better popaphic frequency reu. and codina improvements, for example, can lead to less
thin optimal technoloaical choices. For instance, a standard tradeoffavailable to the .
communication system engineer is to move to a leu efticient but more robust modulation
teclmique in order to gain additional protection apiDIt interf.-ence.7 The additional protection
apinst interference means, in turn, that the same ftequencies or channels can be reuaed at closer
distances within, say, a metropolitan area. The result may well be the ability to transfer a much
greater total amount ofinfonnation per hertz in the polJ'lPhic area, i.e., more information per
hertz per square mile. To \lie a hypothetical example, soma ft'om 1 bpllHz to .5 bpllHz miaht
cut the required reuse diJtaftce in halfthus quadruplina the amount offrequency reuse that could
be obtained.· Thus, in this hypothetical example, a mininBlm modulation efticiency of 1bpsIHz
would actually cut spectral efficiency in halfcompared with what could be obtained with the
lower, .5 bpsIHz requirement.

Similarly, throup. a teclmique known as chImel codin& the communications euPteer can
add redundant bits to a data stream to allow the use ofmore robust error correcting techniques
and, consequently, reduce the required sip-ta-interference ratio required for an acceptable error
rate. ThuJ, the eDfPneer could increue the speed oftrllllmiuion (i.e., the bit rate) in order to
meet an artificilJly impoIed moduJ8tion efticiency requiremeftt while redltcing the actual rate at
which information is beina tranlfemd. This would be done by utiIimJI the extra bits for
redundancy rather that to convey additional information in a given amount oftime. Thus, a

7 In other words, the system would operate at an acceptable bit error rate at a lower sip
to interference ratio.

• This is an illustrative example only, the exact trIdeoffbetween modulation efticiency and
rrequency reuse depends on many other system design choices, and the operating environment.
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maher modulation efticiency does not necessarily mean that more information will be transferred
per hertz per square mile.' Another technique available to the communication enaineer is source
coding. With source cocfinI, recluncIant information is removed from the sipal beina transmitted
thus decreasing the required sipIina rate over the channel. Taken by itself, this would appear to
make additional channel CIp8City available for conveyiDa other information. However, the
removal ofsource redundancy makes the succeuAal tranlmillion oftile desired information more
sensitive to channel-induced errors. This, in tum, could increIae the frequency reuse distance to
compensate for greater IeftIitivity to mon and, depeRdina upon a number oftradeoffs, this may
nor may not result in increued spectral efficiency as measured by the amount of information
transferred per hertz per square mile.

Likewise, a communications ensineer hu a host oftradeofti involving anteDnu. For
example, the enaineer rniIht choose a more robust, but leu emcient (in terms ofbits per second
per hertz), modulation teclmique that would allow the.. spectrum to be reused in adjacent
beams ofa sectorized 1Dtenna.10 With arbitrarily specified anteaIIa characteristics, the systems
engineer may not be Ible to mike the optimal tndeoffbetween modulation efticiency/robu8tMSS
and the number ofseeton. Finally, it miPt be more eftk:ient for the engineer to meet adjIcent
channel interference requinIMnts by reducina trInIlMter power only on those chInnels that are
next to other channels UIId by other systems rather thin to deploy equipment with a striDptt
emiasion mask. Thus, we conclude, as indicated above, that improperly chosen spectral eft1ciency
and related standards can sipificantJy distort technolosy choices and needlessly raise costs. 11

, The tradeoft'between. coding IIld modulation efIlciency is beeomina increMiDIlY important
as engineers develop an iftteIrated system approach rather than optimizina elCh ofthe two factors
individually. Optimizing coding and modulation techniques individually can 1_ to suboptimal
results.

10 Some Cellular Mobile 1t.Idio Service openton have choIen Code Division Multiple
Access ("CDMAIt) beciu.., 8IIlOIII other thiftp, it purportedly IIIows the same .-etnmt to be
reused in adjacent beams ofa seetori.zed antenna. This1elds to ..... spectral eftieiency even
thoup the modulation efIlciency UIOciated with each t:rIn.uin. in eICh sector is leu. The
resultins increue in the total number ofsimultaneous me..... that can be sent throuah
a qe ceJ1 site allO 1... to a ..... spreadi. offixed costs over more sublcriber units and,
hence, a reduction in inftutructure costs per subscriber.

11 To get an idea ofthe pouible mapitude ofthe COlt impIct ofarbitrarily choIen spectral
efficiency and related ......., consider the propolld CODItI'UCtion requirement coldlined in
para. 2 ofthe Notice for iftcumbeIlt 39 GHz bIIld HceDlteI ofrectlftlllgr service ....... This
would require that HcenIIeS construct approximately one~ IiJIk per ten IqUII'e miles for
elCh Hcensed channel block within eighteen months from the adoption ofa Report and Order in
the proceeding.
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IV. Lenons Learned fro.. tile DEMSIDTS Teclanicallt.1es

In Section IT it wu concluded that, except for the necessity to establish technical rules to
protect other radio systems/services, there is no need for the Commission to establish minimum
standards of spectral et1icieDcy or requirements for ftequency tolerance, emission masks, adjacent
channel interference, or antenna characteristics in the 37.0 - 40.0 GHz band. In Section m, it was
concluded that any speci1Yina of such standards and requirements could seriously distort
technolOlY choices and raise costs unnecessarily. A review ofthe experience with the failed
DEMSIDTS service -- a service with many characteristics in common with systems/services
proposed for the new band - demonstrates that these are not unwarranted concerns.

A. Background and History ofDEMSIDTS

In November, 1978, Xerox Corporation filed a petition for rulemaking with the
Commission requesting the allocation of spectrum from 10.55 to 10.68 GHz and adoption of
technical and operating rules for a new, radio-bued electronic~ service. As envisioned by
Xerox, the new service would support computer data trIDImissions, facsimile communications,
and teleconferencing.

Baed upon todays equipment costs, we estimate that the iDItaIled cost ofa sinIle digital
microwave link in this hquency nnae would be approximately S20,000. AuuminI an area of
just 100,000 square miles (which repreMltlleu than 3 perc8'It oftile area of the UDited States),
this link density requiremellt would COlt liceMees approximately 200 .Ilion dollws. Ifall
fourteen channel blocb in the 39 GHz bIIlcI were IicatIed in this 100,000 square mile area, the
Commission'spropoMd COIIItnICtion requirenwrt would impoee a total cost ofabout 2.8fJtllton
doIIws on JiceJlleel oftheIe cI-.l bIocb. Even ifthe Comn ·._'slink deDJity requirement
can be justified, ifother unaeceuary stMdards, such u a modulation e:fticiency standard of 1
bpIIHz, impoNel only a 10 percent COlt peMIty on the cost of the instilled and operating Jinks,
licensees would be ..... 2ItJ .1IIon tIqlIm unMCeIMrily.

Direct network opentiJJa and Imman l'eIOUI'ce costs would add substantially to the above
installed colts ofthe microwave links over the 18 month build-out period.

AdctitioDaIIy, theIe ftaures do not include lIlY utra links (See Notice, para. 2) that could
be required to be added to lICIt channel-over and Il»ove the millinMnlink denaity requirement of
approximately 1 link per 10 square miIes-before lIlY Iiab can be added to a new channel and be
counted in the per-c link deDIity requirement. Ifwe int.-pret this requirement correctly, i.e.
that as much frequency II pouible must be uaed with ach c..... before ulina another
channel, this requirement could euily increue the above ftaures by many fold since substantial
frequency reuse will be ~'bIe in this bllld, even thou. at least some ofthese links can be
expected to cost substantiaDy more than would links where frequency reuse intensity levels are
lower.
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In April, 1981t the Commiuion adopted a First Report and Order that aJlocated the
requested spectrum md established rules for a DiIJital Electronic MeIIIp Service ("OEMS") that
was similar in concept to that envisioned by Xerox in its petition. In the actio~ the Commission
created a complicated channel plan in 130 MHz of spectrum between 10.55 and 10.68 GHz. Of
the 130 MHz, 100 MHz was allocated for point-ta-pointDip Termination Service ("DTS")
technology and 30 MHz was allocated for point-ta-point links to interconnect DTS nodal sites.
The 100 MHz for DTS wast in tu~ divided into seven 5 MHz channel pairs (70 MHz total) and
six 2.5 MHz channel pairs (30 MHz total).

The Commission also adopted technical rules for OEMS. It required a 1 bit per second
per hertz spectral efficiency standard, even thouP Xerox orip.lly requested a more rellxed
specification and despite the recognition that this specification "addretses only one facet of the
spectral efficiency ofa system and may be misleeding."12 It imposed a 0.5 watt output power limit
and frequency stability requirements of0.0001% for nodal stations and 0.0003% for user stations.
It also adopted an emission mask that was "more stringent than the standard presently in the
Rules. tIl3

On recoDlideratio~ the first ofnumerous technical rule c....was adopted. The
cha.nps included~ the output power limit with • power dentity (watts per kilohertz of
bandwidth) limit. In I\JbIectueDt decisions, the Commillion docated additional spectrum and
adopted technical roles for DEMSIDTS at 18 GHz as well as made a variety ofcha.nps in the
technical roles in response to petitions from equipment manufacturers seeking ways to reduce
equipment costs.

B. DEMSIDTS Licensing Activity

As soon as the DEMSIDTS allocation became etreetive,~s parties fHed IiceftIe
applications with the CommiIIion. Amana thole eatities that were .-teet DEMS IicenIes in
1982 and 1983 were NationIl Microwave Interconnect Company (21 cities), Fed«at Express
Corporation (15 cities), Dipal Termiaation Service, Inc. (79 cities), Contemporary
Communications Corporation (47 cities) and others. COIIIeqUeIItly, DEMS became one ofthe
first services where licenlll were awarded by lottery after the Conmmications Amendment Act
of 1912 gave the agency lottery authority.

12 In the Matter of~ to Parts 2, 21, 87 aad 90 ofthe Commission's ltuIes to
Allocate Spectnun for the Use ofRadio in DiJital Termination SyBtems, 86 FCC 2d 360, 378
(1981).

13 86 FCC 2d at 382 (citation omitted).
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